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[ Designation of Document] SPECIFICATION 
[Title of the Invention] 

Adhesion treatment Method of Short Fibers, Rubber 
Composition, and Power Transmission Belt 
[Claims] 

[Claim 1] A method of adhesion treatment of short 
fibers, which are dispersed in a rubber composition and 
compounded therewith, which comprises, after treating the 
fibers in the state of filaments with a treating liquid 
containing a nitrile rubber-modified epoxy resin and an 
alkylphenol # f ormaldehyde resin, cutting the treated fibers to 
a desired length . 

[Claim 2] A method of adhesion treatment of short 
fibers, which are dispersed in a rubber composition and 
compounded therewith, which comprises, after treating the 
fibers in the state of filaments with a treating liquid 
containing a nitrile rubber-modified epoxy resin and an 
alkylphenol # f ormaldehyde resin, further treating with an RFL 
liquid, and cutting the treated fibers to a desired length. 

[Claim 3] The method of adhesion treatment of short 
fibers according to claim 1 or 2 , wherein a weight ratio of 
the alkylphenol^f ormaldehyde resin to the nitrile rubber- 
modified resin is from 2/10 to 10/10. 
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[Claim 4] The method of adhesion treatment of short 
fibers according to claim 1 to 3, wherein the fibers are 
poly (para-phenylene benzobisoxazole) fibers . 

[Claim 5] A rubber composition, wherein poly (para- 
phenylene benzobisoxazole) short fibers are dispersed in a 
rubber and compounded therewith. 

[Claim 6] The rubber composition according to claim 5, 
wherein the compounding amount of the short fibers is from 
1 to 40 parts by weight to 100 parts by weight of the rubber. 

[Claim 7] The rubber composition according to claim 5 
or 6, wherein the short fibers are applied with the adhesion 
treatment method described in claim 4 . 

[Claim 8] A power transmission belt, wherein a rubber 
composition containing poly (para-phenylene benzobisoxazole) 
fibers as short fibers dispersed therein is used for at least 
a part of rubber members constituting the power transmission 
belt. 

[Claim 9] The power transmission belt according to claim 
8, wherein the power transmission belt is a V-ribbed belt 
comprising an adhesive rubber layer having embedded therein 
core wires along the length direction of the belt and a 
compression rubber layer having plural rib portions extending 
to the length direction of the belt, and a rubber composition 
containing the short fibers is used for at least the 
above-described compression rubber layer. 


[Claim 10] The power transmission belt according to 
claim 8, wherein the power transmission belt is a V belt 
comprising an adhesive rubber layer having embedded therein 
core wires along the length direction of the belt, and a 
compression rubber layer, and a rubber composition containing 
the short fibers is used for at least the above-described 
compression rubber layer. 

[Claim 11] The power transmission belt according to 
claim 8 to 10, wherein the short fibers are applied with the 
adhesion treatment method described in claim 4 . 
[Detailed Description of the Invention] 

[0001] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to an adhesion treatment 
method of short fibers, a rubber composition, and a power 
transmission belt. 

[0002] 

[Prior Art] 

Recently, in the field of rubber industries, and 
particularly, with the increase of the function and the 
performance of automobile parts, rubber products capable of 
enduring severe using environment have been desired. 

In rubber products, the characteristics thereof are 
determined by the selection of the raw material rubber and 
the combination of the rubber raw material and compounding 


ingredients, but recently, it has been generally carried out 
to compound short fibers for the purposes of improvement of 
the reinforcing property, the abrasion resistance, etc. 
[0003] 

In the rubber products used for motorcar parts, there 
is a power transmission belt, and it has been widely utilized 
for, for example, power conveying of auxiliary machinery 
driving, such as an air compressor, an alternator, etc. As 
this kind of belt, a power transmission belt, in which by 
embedding a short fiber group of cotton, nylon, Vinylon, 
rayon, aramid fibers, etc., in a rib portion by keeping the 
orientation to the belt width, the side pressure resistance 
of the friction conveying portion of the belt is increased, 
and further, by intentionally projecting a part of the 
embedded short fibers from the sides of the belt, the 
frictional performance of the rib portion and the repressing 
effect of sounding by sticking are aimed, is proposed. 

[0004] 

Also, for further improving the effects of the 
above-described belt, a power transmission belt of intending 
the improvement of the durability of the belt itself by the 
abrasion resistance specific to aramid fibers by using aramid 
fibers as the short fibers of projecting to the both side wall 
surfaces of the friction conveying portion is disclosed in 
Japanese Patent Laid-Open No. 164839/1989. 
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However, when the aramid fibers embedded in the 
compression rubber layer of the belt are projected from the 
surfaces of the rib portion or the aramid fibers are projected 
and broken, there is a problem that the rigidity of the aramid 
fibers is too high and at running the belt, a jarring rubbing 
sound generates. 

Also, with the social demands for energy saving and 
compacting for the background, the using conditions become 
severer at present, and in addition to the abrasion resistance 
and the compression resistance, the flex resistance has been 
required. In such recent requirements, there is a case that 
even the aramid fibers, which are considered to be excellent 
in the abrasion resistance, are sometimes insufficient, and 
with such problem for the background, the development of new 
short fibers, which can be used in place of the short fibers 
of prior art, has been desired. 

[0005] 

[Problems that the Invention is to Solve] 
In view of the above -described problems, as the result 
of making intensive investigations, the present inventors 
have discovered that the rubber composition and the power 
transmission belt compounded with poly (para-phenylene 
benzobisoxazole ) short fibers (PBO short fibers) as the short 
fibers have higher properties than the rubber compositions 
and power transmission belts of prior art, and particularly, 
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have the greatly improved abrasion resisting and flex 
resisting effects . 
[0006] 

In addition, it is necessary to apply an adhesion 
treatment to the short fibers, which are compounded with a 
rubber composition, for improving the dispersibility and the 
adhesive property of the short fibers in the rubber 
composition . 

[0007] 

As the method of adhesive treating fibers, for example, 
Japanese Patent Publication No. 24131/1985 discloses a method 
of treating with an RFL liquid comprising a carboxyl 
group- containing acrylonitrile- butadiene rubber latex; 
Japanese Patent Publication Nos . 41525/1993, 41526/1993, and 
41527/1993 disclose a method of treating with an adhesive 
composition containing the RFL liquid, a halogen-containing 
polymer, and an active compound selected from an isocyanate 
compound, an epoxy compound, and a silane coupling agent as 
the main constituents; and Japanese Patent Publication No. 
41528/1994 discloses a method of, after 1st treating with an 
epoxy compound or an isocyanate compound, 2nd treating with 
the RFL liquid and 3rd treating with a rubber paste obtained 
by dissolving a rubber compound and chlorinated rubber. 

[0008] 
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However, when the above -described techniques are 
applied to the PBO short fibers, the adhesive power of the 
short fibers and the rubber composition cannot be 
sufficiently satisfied, also the short fibers is lacking in 
the dispersibility , and since the short fibers are aggregated 
in the rubber and become inferior dispersion, whereby there 
is a problem that cracks are liable to occur. This problem 
is caused by the molecular structure of the PBO fibers and 
the adhesion with a rubber is difficult as compared with other 
fibers and also since by the method of prior art, the post 
treatment with the RFL liquid is indispensable, there is a 
problem that a cost and a labor are required. 

[0009] 

Accordingly, the objects of the invention are to provide 
a rubber composition and a power transmission belt compounded 
with poly (para-phenylene benzobisoxazole ) short fibers and 
to provide an effective adhesive method of a rubber and the 
short fibers. The adhesion treatment is applicable to various 
fibers but it has been found that the adhesion treatment is 
particularly effective for the poly ( para-phenylene 
benzobisoxazole) fibers and also, the rubber composition and 
the power transmission belt containing the poly(para- 
phenylene benzobisoxazole) short fibers have higher 
properties than rubber products containing prior art short 
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fibers and are particularly excellent in the abrasion 
resistance . 

[0010] 

[Means for Solving the Problems ] 

That is, the invention described in claim 1 is a method 
of adhesion treatment of short fibers, which are dispersed 
in a rubber composition and compounded therewith, which 
comprises, after treating the fibers in the state of filaments 
with a treating liquid containing a nitrile rubber-modified 
epoxy resin and an alkylphenol # f ormaldehyde resin, cutting 
the treated fibers to a desired length. By treating short 
fibers with the treating liquid, the adhesion with a rubber 
is strong and also the short fibers are excellent in the 
dispersibility without being treated with an RFL liquid. 

[0011] 

The invention described in claim 2 is a method of 
adhesion treatment of short fibers, which are dispersed in 
a rubber composition and compounded therewith, which 
comprises, after treating the fibers in the state of filaments 
with a treating liquid containing a nitrile rubber-modified 
epoxy resin and an alkylphenol # f ormaldehyde resin, and 
further treating the fibers with an RFL liquid, and cutting 
the treated fibers to a desired length. By further treating 
the short fibers with the RFL liquid in addition to the 
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above -described treating liquid, the adhesive property with 
a rubber is more improved. 
[0012] 

The invention described in claim 3 is the method of 
adhesion treatment of short fibers described in claim 1 or 
2, wherein a weight ratio of the alkylphenol # f ormaldehyde 
resin to the nitrile rubber-modified resin is from 2/10 to 
10/10. By specifying the compounding ratio of the resins to 
the above -described specific range, the short fivers are 
excellent in the dispersibility and also a strong adhesive 
force is obtained. 

[0013] 

The invention described in claim 4 is the method of 
adhesion treatment described in claim 1 to 3, wherein the 
fibers are poly (para-phenylene benzobisoxazole ) fibers. The 
technique of the invention is effective for the 
poly (para-phenylene benzobisoxazole ) fibers, the adhesion of 
which with a rubber is difficult in various fibers. 

[0014] 

The invention described in claim 5 is a rubber 
composition having dispersed therein poly (para-phenylene 
benzobisoxazole) short fibers and compounded therewith. By 
compounding the poly (para-phenylene benzobisoxazole) short 
fibers with the rubber composition, rubber products having 
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a very high abrasion resistance as compared with rubber 
products using short fibers of prior art can be provided. 
[0015] 

The invention described in claim 6 is the rubber 
composition described in claim 5, wherein the compounding 
amount of the short fibers is from 1 to 40 parts by weight 
to 100 parts by weight of the rubber. By specifying the 
compounding amount of the short fivers to the specific range, 
the rubber composition having the good workability and the 
good dispersibility and also capable of sufficiently giving 
the good abrasion resisting effect can be provided. 

[0016] 

The invention described in claim 7 is the rubber 
composition described in claim 5 or 6, wherein the adhesion 
treatment method described in claim 4 is applied to the short 
fibers. 

[0017] 

The invention described in claim 8 is a power 
transmission belt, wherein a rubber composition containing 
poly (para-phenylene benzobisoxazole ) fibers as short fibers 
dispersed therein is used for at least a part of rubber members 
constituting the power transmission belt. 

[0018] 

The invention described in claim 9 is the power 
transmission belt described in claim 8, wherein the power 
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transmission belt is a V-ribbed belt comprising an adhesive 
rubber layer having embedded therein core wires along the 
length direction of the belt and a compression rubber layer 
having plural rib portions extending to the length direction 
of the belt, and a rubber composition containing the short 
fibers is used for at least the above-described compression 
rubber layer . 
[0019] 

The invention described in claim 10 is the power 
transmission belt described in claim 8, wherein the power 
transmission belt is a V belt comprising an adhesive rubber 
layer having embedded therein core wires along the length 
direction of the belt and a compression rubber layer, and a 
rubber composition containing the short fibers is used for 
at least the above-described compression rubber layer. 

[0020] 

The invention described in claim 11 is the power 
transmission belt described in claim 8 to 10, wherein the 
short fibers are applied with the adhesion treatment method 
described in claim 4 . 

[0021] 

[Mode for Carrying Out the Invention] 
Then, the invention is described in detail. 
The poly ( para - phenylene benzobisoxazole ) fibers (PBO 
fibers) are obtained by spinning a polymer obtained by 
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polycondensating diaminoresorcin and terephthalic acid in a 
polyphosphoric acid solvent. The PBO fibers have far higher 
properties than ordinary used fibers and, for example, in the 
mechanical properties, the PBO fibers show the higher 
strength and elastic modulus than those of aramid fibers. 
Also, it is a large feature that the PBO fibers show the high 
flexibility in addition to the high strength and the high 
elasticity. 

[0022] 

From the above -described reasons, by compounding the 
PBO short fibers with a rubber composition, the high 
reinforcing effect and abrasion resisting effect can be 
imparted. Also, since the flexibility of the PBO fibers is 
higher than that of aramid fibers, in the case of using the 
rubber containing the PBO short fibers for the compression 
rubber layer of a power transmission belt, the effect of 
reducing noises generating at running of the belt can be 
expected. However, since the PBO fibers scarcely contain a 
functional group owing to the structure of the molecular 
skeleton thereof, in the PBO fibers, the adhesion to rubber 
is difficult as compared with prior art short fibers, and thus 
a specific adhesion treatment becomes necessary. 

[0023] 
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Accordingly, it is preferred that the PBO short fibers, 
which are dispersed in and compounded with a rubber, are 
subjected to an adhesion treatment by the following method. 

First, after dipping untreated fibers of the state of 
filaments at room temperature in a treating liquid composed 
of a nitrile rubber-modified epoxy resin, an 
alkylphenol # f ormaldehyde resin, a crosslinking agent, and a 
solvent for from 0*5 to 30 seconds, the fibers are dried by 
passing through an oven of a temperature of from 150 to 250°C 
for from 1 to 5 minutes . By carrying out the treatment , the 
treating liquid permeates in the insides of the short fibers 
and the adhesive property of the filaments is improved. 

In addition, when the good workability, the adhesive 
effect, and the dispersibility of the short fibers are 
considered, it is preferred that the solid component 
concentration of the treating liquid is controlled to from 
1 to 20% by weight. As the solvent, aromatic hydrocarbons 
such as toluene, xylene, etc. , or aliphatic ketones such as 
methyl ethyl ketone, etc., are used. 

[0024] 

The nitrile rubber-modified epoxy resin is an epoxy 
prepolymer obtained by modifying an epoxy resin having at 
least two epoxy groups in the molecule with a nitrile rubber, 
and as the epoxy as the base, the reaction product of glycerol 
or propylene glycol and a halogen-containing epoxy compound 
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such as epichlorohydrin, etc., or the reaction product of a 
polyhydric phenol such as hydroquinone # bisphenol A , etc., 
and a halogen- containing epoxy is used. In particular, the 
reaction product using a bisphenol A type epoxy resin having 
two epoxy groups at the terminal is suitable. 
[0025] 

The alky lphenol # f ormaldehyde resin is the resin 
obtained by condensing one or two or more kinds of monohydric 
phenols such as phenol, cresol, chlorophenol , etc., and 
polyhydric phenols such as resorcin, catechol, etc., and one 
or two or more kinds of aldehydes such as formaldehyde, 
acetaldehyde , etc., in the existence of an acid catalyst or 
an alkali catalyst. 

[0026] 

It is preferred that a weight ratio of the above- 
described alkylphenol*f ormaldehyde resin to the nitrile 
rubber-modified epoxy resin is from 2/10 to 10/10. When the 
weight ratio is less than 2/10, the adhesive property with 
rubber is lowered, while when the weight ratio exceeds 10/10, 
the adhesive property with rubber is lowered and also the 
flexibility of the treating agent is lowered, whereby the 
pliability of the short fibers is lowered. 

[0027] 

As the crosslinking agent, tertiary amines, imidazole, 
acid anhydrides, etc., are used and particularly, the 
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tertiary amines are preferred. The crosslinking agent is 
usually used in the range of from 3 to 30% by weight to the 
epoxy resin. 

[0028] 

In addition, as the case may be, it is preferred to apply 
the following post treatment. 

The fibers impregnated with the above-described 
treating liquid are treated with the RFL liquid obtained by 
mixing a resorcin # f ormalin initial condensation product and 
a rubber latex. In this case, the molar ratio of resorcin 
to formalin is suitably from 3/1 to 1/3 for increasing the 
adhesive force. 

Also, it is preferred for increasing the effect of the 
adhesive force by the RFL liquid that in the RFL liquid, a 
solid component weight ratio of the resorcin # f ormalin initial 
condensation product to the rubber latex is from 1/1 to 1/5, 
and a solid component attaching amount of the RFL liquid is 
from 3 to 10% by weight. When the solid component weight ratio 
exceeds 1/1, the cohesive force of the short fibers becomes 
large to reduce the dispersibility , while when the ratio 
becomes less than 1/5, the adhesive force of a rubber and the 
short fibers is lowered and the tensile strength is also 
lowered. Furthermore, when the solid component attaching 
amount of the RFL liquid exceeds 10% by weight, the treating 
liquid become firm, whereby the filaments of the short fibers 


15 


become hard to be separated each other, while when the solid 
component attaching amount is less than 3% by weight, the 
effects of improving the dispersibility and the tensile 
strength by the RFL liquid cannot be expected. Also, the 
rubber latex includes the latexes such as a styrene- 
butadiene-vinylpyridine ternary copolymer, chlorosulf onated 
polyethylene, hydrogenated nitrile rubber, epichlorohydrin , 
natural rubbers, SBR, chloroprene rubber, an olefin -vinyl 
ester copolymer, EPDM, etc. 

In addition, the temperature of the treating liquid in 
the case of applying the adhesion treatment is controlled to 
from 5 to 40°C, the dipping time is from 0.5 to 30 seconds, 
and the filaments of the short fibers are subjected to a heat 
treatment by passing through an oven controlled to a 
temperature of from 200 to 250°C for from 1 to 3 minutes. 

[0029] 

Moreover, in addition to the above-described treatment, 
an overcoat treatment can be applied. That is, the fibers 
is subjected to an overcoat treatment by dipping in a rubber 
paste dissolved in a solvent, which becomes a good solvent 
of the rubber compound, selected from aromatic hydrocarbons 
such as toluene, xylene, etc., and aliphatic ketones such as 
methyl ethyl ketone, etc. The dipping time is from 0.5 to 
30 seconds and the heat treatment is carried out by passing 
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through an oven controlled to a temperature of from 80 to 200°C 
for from 1 to 3 minutes. 
[0030] 

By cutting the fibers subjected to the adhesion 
treatment (s) as described above to a desired length, short 
fibers can be obtained. As the poly ( para-phenylene 
benzobisoxazole) short fibers (PBO short fibers) used in the 
invention, the fiber length of from 1 to 20 mm and the fiber 
diameter of from 1 to 3 deniers are appropriate. 

[0031] 

In addition, in the invention, short fibers obtained by 
treating untreated filament yarns with pre- treatment liquid 
containing an epoxy resin in place of the nitrile rubber- 
modified epoxy resin can be compounded with the rubber 
composition. In this case, however, a post- treatment with 
the RFL liquid is indispensable, and also it must be noticed 
that the adhesive force is inferior to the case of treating 
with the treating liquid containing the nitrile rubber- 
modified epoxy resin. 

Also, the adhesion treatment in the invention is 
effective for the PBO fibers as described above, but the 
treatment is also, as a matter of course, effective for other 
fibers than the PBO fibers, such as cotton, nylon, Vinylon, 
rayon, aramid fibers, etc. 

[0032] 
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In the invention, the rubber composition having 
dispersed in and compounded with the short fibers subjected 
to the adhesion treatment as described above can be used for 
a part of rubber members of a power transmission belt. 

Fig. 1 shows a V-ribbed belt 1 as an embodiment of the 
power transmission belt of the invention. 

The V-ribbed belt 1 has embedded in an adhesive layer 
2 core wires 3 along the lengthwise direction of the belt, 
and has a compression rubber layer 4 having formed plural ribs 
in the lengthwise direction of the belt at the lower portion 
of the adhesive rubber layer 2. Also, the V-ribbed belt has 
a structure that a base fabric 5 is laminated on the upper 
portion of the adhesive layer 2 as an extending layer. 

[0033] 

The base fabric 5 is a canvas selected from textiles, 
knittings, and nonwoven fabrics. As the constituting fiber 
material, known materials can be used and examples thereof 
include natural fibers such as cotton, hemp, etc.; inorganic 
fibers such as metal fibers, glass fibers, etc.; and organic 
fibers such as the fibers of polyamide, polyester, 
polyethylene , polyurethane , polystyrene , 

polyf luoroethylene , polyacrylate , polyvinyl alcohol, whole 
aromatic polyesters, aramid, etc. 

[0034] 
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The above- described base fabric 5 is, after being dipped 
in a resorcin-f ormalin- latex liquid (RFL liquid), is 
subjected to a friction by rubbing an unvulcanized rubber in 
the base fabric 5, or after dipping in the RFL liquid, the 
base fabric is subjected to a dipping treatment with a soaking 
liquid formed by dissolving a rubber in a solvent- In 
addition, the RFL solution is mixed with a proper carbon black 
liquid to blacken the treated fabric, or a known surface 
active agent may be added to the RFL liquid in an amount of 
from 0.1 to 5.0% by weight. 

[0035] 

As the main rubber of the above-described compression 
rubber layer 4, there are a natural rubber, a polyisoprene 
rubber, a polybutadiene rubber, a styrene-butadiene 
copolymer rubber, a chloroprene rubber, an ethylene -a- 
olefin-base copolymer rubber such as an ethylene-propylene 
rubber, etc., a nitrile rubber (NBR) , a hydrogenated nitrlle 
rubber (H-NBR) added with an unsaturated carboxylic acid 
metal salt, an alkylated chlorosulf onated polyethylene 
(ACSM) , a chlorosulf onated polyethylene rubber (CSM), etc., 
as the main constituent added with a reinforcing agent such 
as carbon black, a filler, a softening agent, an antioxidant, 
a vulcanizing aid, or a vulcanizing agent such as sulfur, an 
organic peroxide, etc. 

[0036] 
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On the other hand, for the adhesive rubber layer 2, the 
same kind of rubber as the compression rubber layer 4 can be 
used. It is preferred that short fibers are not mixed in the 
compounded product , but, if necessary, additives usually used 
for rubber compounding, for example, a reinforcing agent such 
as carbon black, silica, etc., a filler such as calcium 
carbonate, talc, etc., a plasticizer, a stabilizer, a 
processing aid, a coloring agent, etc., are used. 

[0037] 

In addition, it is preferred that the compression rubber 
layer 4 of the V-ribbed belt 1, which is the power transmission 
belt of the invention, contains the PBO short fibers subjected 
to the adhesion treatment as described above. By adding the 
above-described short fibers, the side pressure resistance 
of the compression rubber layer 4 is improved and also the 
short fibers are projected to the surface of the compression 
rubber layer 4 , which becomes the surface which is brought 
into contact with pulleys to lower the friction coefficient 
of the compression rubber layer 4, whereby the generation of 
noise at running of the belt is reduced. Also, since the 
mechanical property of the short fibers is high, the belt 
reinforcing effect is excellent and the abrasion resisting 
effect is obtained. 
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Also, it is preferred that when the vertical direction 
to the lengthwise direction of the belt is 90°, almost all the 
short fibers are oriented to the range of from 70° to 110°. 

[0038] 

As the suitable compounding conditions of the PBO short 
fibers in the rubber composition, it is preferred that the 
fiber length of the PBO short fibers is from 1 to 20 mm and 
the compounding amount thereof is from 1 to 40 parts by weight 
to 100 parts by weight of the rubber. In addition, in order 
that the PBO short fibers sufficiently give the above- 
described effects in the compression rubber layer of the 
V-ribbed belt, it is desirable that the fiber length of the 
PBO short fibers is from 1 to 10 mm and the compounding amount 
thereof is from 1 to 30 parts by weight to 100 parts by weight 
of the rubber. Furthermore, it is more preferred that the 
fiber length is from 1 to 5 mm and the compounding amount is 
from 5 to 20 parts by weight. 

In addition, when the addition amount of the PBO short 
fibers is less than 1 part by weight, there is a fault that 
the rubber of the compression rubber layer 4 becomes liable 
to stick and is abraded and, on the other hand, when the 
addition amount exceeds 30 parts by weight, the PBO short 
fibers are not uniformly dispersed in the rubber and cracks 
are liable to cause. Also, the addition of the PBO short 
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fibers singly is not indispensable and the addition of short 
fibers made of other materials is possible. 
[0039] 

As the method of preparing the PBO short fiber- 
containing rubber composition, first, as the master batch 
kneading of the 1st step, 100 parts by weight of a rubber, 
from 1 to 40 parts by weight of short fibers and from 1 to 
10 parts by weight of a softening agent are placed in a closed 
type kneader such as banbury mixer followed by kneading, 
thereafter , the kneaded master batch is once released 
therefrom, and is cooled to a temperature of from 20 to 50°C. 
This is for preventing the occurrence of the scorch of the 
rubber. Then, to the master batch are added definite amounts 
of a reinforcing agent, a filler, an antioxidant, a 
vulcanization accelerator, a vulcanizing agent, etc. , and the 
resultant mixture is subjected to finish kneading using a 
banbury mixer and open rolls. Also, according to the kind 
of the rubber, the kneaded master batch is once released from 
the kneader and without being cooled, can be continuously 
subjected to finish kneading. 

In addition, the kneading method is not limited to the 
above- described method, and the kneading means is not limited 
to a banbury mixer, rolls, a kneader, an extruding machine, 
etc., and the mixture can be kneaded by proper known means 
and method. Also, the vulcanizing method is not limited to 
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the above-described method, and the mixture may be vulcanized 
by known means using a vulcanizing apparatus, such as mold 
heating, hot-air heating, a rotary drum type vulcanizer, an 
injection molding machine, etc. 
[0040] 

As the core wires 3, polyester fibers, aramid fibers, 
or glass fibers are used, and in these fibers, the codes of 
the total denier number of from 4,000 to 8,000, which are 
subjected to an adhesion treatment, obtained by intertwisting 
polyester fiber filament group made of ethylene- 2 , 6- 
naphthalate as the main construction unit are preferred since 
in this case, the belt slipping rate can be lowered to prolong 
the life of the belt. The final twist number of the code is 
from 10 to 23 per 10 cm and the first twist number of the code 
is from 17 to 38 per 10 cm. When the total deniers are less 
than 4,000, the modulus and the strength of the core wires 
becomes too low, and when the total deniers exceed 8,000, the 
thickness of the belt becomes thick and the flexing fatigue 
is increased. 

[0041] 

Ethylene-2 , 6 -naphthalate is usually synthesized by 
condensation polymerizing naphthalene-2 , 6-dicarboxylic acid 
or the ester-forming derivative thereof and ethylene glycol 
in the existence of a catalyst under proper conditions. In 
this case, before completing the polymerization of 
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ethylene- 2 , 6-naphthalate , by adding one or two or more kinds 
of property third components, a copolymer polyester is 
synthesized. 

[0042] 

Also, the core wires 3 are subjected to an adhesion 
treatment for the purpose of improving the adhesive property 
with rubber. As such an adhesion treatment, it is general 
that after dipping the fibers in a resorcin -formalin - latex 
(RFL) liquid, the fibers are dried by heating to uniformly 
form the adhesive layer on the surfaces thereof. However, 
the adhesion treatment is not limited to the above-described 
method, and there is a method of treating the fibers with the 
RFL liquid after subjecting to a pre- treatment with an epoxy 
compound or an isocyanate compound. 

[0043] 

About the codes subjected to the adhesion treatment, by 
making the spinning pitch, that is, the winding round pitch 
of the core wires from 1.0 to 1.3 mm, a belt having a high 
modulus can be finished. When the spinning pitch is less than 
1.0 mm, the code overlaps the adjacent code and thus the code 
cannot be wound round, while the pitch exceeds 1.3 mm, the 
modulus of the belt is gradually lowered. 

[0044] 

Then, an embodiment of the production method of a V- 
ribbed belt is shown below. 
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First, after winding a base fabric and an adhesive 
rubber round the peripheral surface of a cylindrical molding 
drum, a core wire made of the code is spirally spun thereon, 
and further a compression rubber layer is successively wound 
thereon to obtain a laminate, and the laminate is vulcanized 
to obtain a vulcanized sleeve. 

Then, the vulcanized sleeve is hung on a driving roll 
and an inverted roll, the sleeve is run under a definite 
tension, and a rotating grinding wheel is moved to the running 
sleeve such that the wheel is brought into contact with the 
running vulcanized sleeve to grind at a stretch 3 to 100 plural 
grooved portions on the surface of the compression rubber 
layer of the vulcanized sleeve. 

The vulcanized sleeve thus obtained is taken away from 
the driving roll and the inverted roll, is hung on other 
driving roll and inverted roll following by running, and the 
sleeve was cut to definite width by a cutter to obtain each 
V-ribbed belt. 

[0045] 

In addition, the above-described V-ribbed belt 1 is an 
embodiment of the invention and the invention is not limited 
to the belt . For example , as other embodiment of the power 
transmission of the invention, a V-belt 6 is shown in Fig. 
2. 
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The V-belt 6 has a structure that core wires 11 are 
embedded in an adhesive rubber layer 9 along the lengthwise 
direction of the belt, an elongated rubber layer 7 and a 
compression rubber layer 10 are formed at the upper portion 
and the lower portion of the adhesive rubber layer 9, 
respectively, adjacent to the adhesive rubber layer 9, and 
a base fabric 8 is laminated on the surface of the elongated 
rubber layer 7. In addition, if necessary, cog portions may 
be formed in the compression rubber layer 10 with a definite 
interval along the lengthwise direction of the belt. Also, 
the compression rubber layer 10 is compounded with from 5 to 
40 parts by weight, and preferably from 10 to 30 parts by 
weight of the PBO short fibers in the invention. In addition, 
for each rubber layer, the same rubber as the above-described 
V-ribbed belt can be used. 

[0046] 
[ Examples ] 

Then, the invention is described in more detail by the 
examples . 

1. Comparison of adhesion treatment method of short fibers: 
(Example 1) 

After dipping PBO fibers having the constitution of 
1,100 dtex/667 filaments in the treating liquid A shown in 
Table 1, the fibers were heat-treated at 200°C for one minute. 
Then, after dipping in the RFL liquid shown in Table 2, the 
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fibers were heat-treated at 200°C for one minute. By cutting 
the treated base fibers, the PBO short fibers of the fiber 
length of 3 mm and the fiber diameter of 1.7 dtex were 
obtained. 

[0047] 

(Example 2) 

After dipping PBO fibers having the constitution of 
1,100 dtex/667 filaments in the treating liquid A shown in 
Table 1, the fibers were heat-treated at 200°C for one minute. 
By cutting the base fibers, the PBO short fibers of the fiber 
length of 3 mm and the fiber diameter of 1.7 dtex were 
obtained . 

[0048] 

(Comparative Example 1) 

After dipping PBO fibers having the constitution of 
1,100 dtex/667 filaments in the treating liquid B shown in 
Table 1, the fibers were heat-treated at 200°C for one minute. 
Then, after dipping in the RFL liquid shown in Table 2, the 
fibers were heat-treated at 200°C for one minute. By cutting 
the base fibers, the PBO short fibers of the fiber length of 
3 mm and the fiber diameter of 1.7 dtex were obtained. 

[0049] 

(Comparative Example 2) 

After dipping PBO fibers having the constitution of 
1,100 dtex/667 filaments in the treating liquid B shown in 
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Table 1, the fibers were heat-treated at 200°C for one minute. 
By cutting the base fibers, the PBO short fibers of the fiber 
length of 3 mm and the fiber diameter of 1.7 dtex were 
obtained. 

[0050] 

( Comparative Example 3 ) 

By cutting untreated PBO fibers having the constitution 
of 1,100 dtex/667 filaments, the PBO short fibers of the fiber 
length of 3 mm and the fiber diameter of 1.7 dtex were 
obtained. 

[0051] 
[Table 1] 


Compounding Agents 

Treatment 
Liquid A 

Treatment 
Liquid B 

NBR-Modified Epoxy Resin* 1 

100 


Epoxy Resin* 2 


100 

Alkylphenol # Formaldehyde 
Resin* 3 

60 

60 

Tertiary Amine* 4 

7.6 

7.6 

Toluene 

3184.4 

3184.4 


*1: Struktol Polydis 3G04 
*2: Epikote 828 
*3: Tackirol 101 
*4: Daitocurar HDACC43 
[0052] 
[Table 2] 

RFL Treatment Liquid 


Compounding Agents 


Weight Ratio 
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Vinylpyridine Latex (40%) 

244.0 

Resorcin 

11.0 

37% Formalin 

16.2 

Sodium Hydroxide 

0.3 

Water 

299. 5 

Sum Total 

571.0 


[0053] 

Each of the short fibers obtained was kneaded by a 
banbury mixer in the compounding ratio shown in Table 3, and 
rolled by rolls to obtain each rubber sheet having a sickness 
of 1 mm. In addition, the compounding amount of the short 
fibers was 15 parts by weight to 100 parts by weight of the 
rubber. Also, the short fibers were oriented to the extruding 
direction of the rubber by a rolling roll. The rubber sheet 
was placed in a mold, vulcanized at 153°C for 20 minutes, and 
the properties of the rubber composition were measured. The 
DIN friction test was carried out by JIS K6264, and the sample 
was prepared such that the short fibers were oriented 
vertically to the friction surface. The measured results are 
shown in Table 4 . 

[0054] 


[Table 3] 


Compounding agent s 

Weight Ratio 

Chloroprene Rubber* 5 

100 

Short Fibers 

Definite Amount 

Naphthene-base Oil 

5 

Stearic Acid 

1 

Magnesium Oxide 

4 

Carbon Black 

40 

Antioxidant* 6 

2 

Zinc oxide 

5 
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Vulcanization Accelerator*? 0.25 


*5: M-40: Made by Denki Kagaku Kogyo K.K. 
*6: Octylated diphenylamine 
*7 : 2-Mercaptoimidazoline 
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[0056] 

From Table 4, it is supposed that the rubber 
compositions of the examples containing the short fibers 
adhesive- treated with the treatment liquid A containing the 
NBR-modified epoxy resin and the alkylphenol # f ormaldehyde 
resin have high tensile strength and cutting ductility and 
the short fibers are strongly adhered to the rubber. Also, 
it can be seen that Example 1 wherein the short fibers are 
further treated with the RFL liquid is excellent in the 
adhesion with the rubber as compared with Example 2 wherein 
the short fibers are adhesive- treated with the treating 
liquid A only. Furthermore, from the result that the examples 
show the higher tensile strength ratio of right 
angle/parallel than the comparative examples, that is, the 
tensile strength of the right-angle direction is higher than 
the tensile strength of the parallel direction, it has been 
found that in the examples, the orientation of the short 
fibers are better and thus the dispersibility of the short 
fibers in the rubber is better. 

[0057] 

2. Comparison of short fiber-containing rubber composition 
and power transmission belt: 
(Example 1) 

After dipping PBO fibers having the constitution of 
1,100 dtex/667 filaments in the treating liquid A shown in 
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Table 1, the fibers were heat-treated at 200°C for one minute. 
Then, after dipping in the RFL liquid shown in Table 2, the 
fibers were heat-treated at 200°C for one minute. By cutting 
the treated base fibers, the PBO short fibers of the fiber 
length of 3 mm and the fiber diameter of 1.7 dtex were 
obtained. 

[0058] 

(Example 2 to 8) 

After dipping PBO fibers having the constitution of 
1,100 dtex/667 filaments in the treating liquid A shown in 
Table 1, the fibers were heat-treated at 200°C for one minute. 
By cutting the treated base fibers, the PBO short fibers of 
the fiber length of 3 mm and the fiber diameter of 1.7 dtex 
were obtained . 

[0059] 

(Comparative Example 1) 

After dipping aramid fibers having the constitution of 
1,670 dtex/ 1,000 filaments in the RFL liquid shown in Table 
2, the fibers were heat-treated at 200°C for one minute. By 
cutting the treated base fibers, the aramid short fibers of 
the fiber length of 3 mm and the fiber diameter of 1.7 dtex 
were obtained . 

[0060] 

Each of the short fibers obtained was kneaded by a 
banbury mixer in the compounding ratio shown in Table 4 and 
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rolled by rolls to obtain a rubber sheet having a thickness 
of 1 nun. In addition, the compounding amounts of the short 
fibers to 100 parts by weight of the rubber are shown in Table 
5. The rubber sheet was placed in a mold, vulcanized at 153°C 
for 20 minutes, and the properties of the rubber composition 
were measured. 
[0061] 

Also, a V-ribbed belt using the rubber sheet obtained 
as the compression rubber layer was prepared. 

As the production step of a V-ribbed belt, first, after 
winding round a cylindrical mold at one ply a rubber-attached 
canvas obtained by f rictioning a chloroprene rubber to a plain 
weave fabric having the warp and the weft made of a cotton 
yarn, an adhesive rubber sheet made of a chloroprene rubber 
composition was wound, further a code made of polyester fibers 
was spun thereon, and a compression rubber layer made of the 
rubber sheet obtained as described above was wound to finish 
the fabrication. The fabricated product was vulcanized by 
a known method at 160°C for 30 minutes to obtain a cylindrical 
vulcanized rubber sleeve . 

[0062] 

The above- described vulcanized rubber sleeve was 
mounted on a driving roll and an inverted roll of a grinding 
machine, and after applying a tension, the rubber sleeve was 
rotated. An abrasive wheel mounted on the surface thereof 
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with diamond of 150 mesh was rotated at 1,600 rpm and by 
bringing into contact the abrasive wheel to the vulcanized 
rubber sleeve, the rib portions were abraded. After disposing 
the sleeve taken out from the abrasive machine on a cutting 
machine, the sleeve was cut while rotating. 
[0063] 

In the V-ribbed belt prepared, the core wire is embedded 
in the adhesive rubber layer, the rubber-attached canvas is 
laminated on the upper side thereof at one ply, also a rubber 
compressed portion is disposed at the lower side of the 
adhesive rubber layer and three ribs are formed at the rubber 
compressed portion in the lengthwise direction of the belt. 
The V-ribbed belt is a K-type three-ribbed belt having a 
length of 1,100 mm by the RMA standard, the rib pitch is 3.56 
mm, the rib height is 2 . 9 mm, and the rib angle is 40°. Also, 
the short fibers compounded in the compression rubber layer 
are oriented to the width direction of the belt. 

[0064] 

In the layout shown in Fig. 3, a slip of 6% was forcibly 
applied to the V-ribbed belt obtained, a running test of the 
belt was carried out for 24 hours, the weights of the belt 
before and after running were measured, and the abrasion loss 
was calculated. The results are described in Table 5. Also, 
using the belt before running and the belt after measuring 
the abrasion loss, each belt was hung on a pulley in the layout 
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shown in Fig. 4, and the tension of the belt at rotating the 
pulley was measured. Thereafter, each friction coefficient 
was calculated by the following equation, and the difference 
of the friction coefficients was obtained. In addition, T 
is the tension of the belt measured. 

Friction coefficient = (2 x ln( T/ 17 . 2 ) ) /jt 
Furthermore, a running test was carried out in the 
layout shown in Fig. 5, the time until the crack reaching the 
core wire was caused in the ribbed rubber portion was 
measured. The results are shown in Table 5 together. 
[0065] 
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[0066] 

As the result, it can be seen that the examples of the 
invention compounded with the PBO short fibers are excellent 
in the properties of the rubber compositions and the 
performances of the power transmission belts as compared with 
the comparative Examples compounded with aramid short fibers. 
In particularly, about the abrasion resistance, the PBO short 
fibers gives the greatly excellent effect and the belt 
friction coefficient difference of the examples was half the 
value of the comparative examples. However, in example 6, 
the compounding amount of the PBO fibers was 30 parts by 
weight , there is a problem on the durability to the 
extensibility and cracks with the improvement of the abrasion 
resistance and the tensile strength. 

[0067] 

[Effect of the Invention] 

As described above, it has been found that by treating 
short fibers with a treatment liquid containing a nitrile 
rubber-modified epoxy resin and an alkylphenol # f ormaldehyde 
resin as the main constituents, the dispersibility of the 
short fibers in a rubber becomes excellent and also, a strong 
adhesive force with the rubber can be imparted to the short 
fibers. Furthermore, by further post- treating the short 
fibers thus treated with the RFL liquid, the above-described 
effects are more improved. Also, it has been found that the 
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rubber composition and the power transmission belt each 
compounded with the PBO short fibers have a high strength, 
are excellent in the abrasion resisting effect. 
[Brief Description of the Drawings] 

Fig. 1 is a cross-sectional slant view of a V-ribbed 
belt, which is an embodiment of the power transmission belt 
of the invention. 

Fig . 2 is a cross-sectional slant view of a V-belt , which 
is other embodiment of the power transmission belt of the 
invention . 

Fig. 3 is a view showing a layout of a running test of 
measuring the abrasion loss of a belt. 

Fig. 4 is a view showing a layout of a belt tension 
measurement test of the measuring the friction coefficient 
of belt. 

Fig. 5 is a view showing a layout of a running test of 
measuring the crack generation time of belt . 
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[Designation of Document] ABSTRACT 
[Abstract ] 

[Problems] An adhesive method of short fibers, which are 
dispersed well in a rubber composition and is excellent in 
the adhesive force to the rubber composition, and a rubber 
composition and power transmission belt, which have a high 
strength and are each excellent in the abrasion resistance, 
are provided. 

[Means for Solving] A V-ribbed belt 1 has the structure that 
core wires 3 are embedded in an adhesive rubber layer 2 along 
the lengthwise direction of the belt, a compression rubber 
layer 4 having formed plural ribs in the longitudinal 
direction of the belt is laminated at the lower portion of 
the adhesive rubber layer 2, and a base fabric 5 as an 
elongated layer is laminated on the upper portion of the 
adhesive rubber layer 2. The compression rubber layer 4 is 
compounded with poly ( para-phenylene benzobisoxazole ) short 
fibers in an amount of from 1 to 40 parts by weight to 100 
parts by weight of the rubber, and the short fibers are 
subjected to an adhesion treatment in the state of filaments 
with a treatment liquid containing a nitrile rubber-modified 

epoxy resin and an alkylphenol # f ormaldehyde resin. 
[Selected Drawing] Fig. 1 
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[Figure l] 
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